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selector strain CdaR−TolC. Pathway intermediates are supplied exogenously (blue, 10 mM; 
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+)(2'&9"-.",0)7$+5"&%%&+($)0"5&+&%"2+#&'"(/&"'&520)($*+"*1")"%27')0*%&O'&%,*+%$A&"S)7T"A)'$)+(G"
?&I")Bb%"7)+")0%*"-&",*I&'120"7&00O-$*0*5$7)0"#$%7*A&'."(**0%G"B/&"#.+)3$7"7*3,*%$($*+"
*1"3&()-*0$(&%"$+")"7&00"$%")"%$5+)(2'&"*1"(/&",/&+*(.,$7"%()(&"*1"(/&"7&00G"N/$0&"(/&"5&+*3&")+#"
(')+%7'$,(*3&"*1"$+#$A$#2)0"7&00%"7)+"-&"$+(&''*5)(&#9"I&"72''&+(0."0)7L"%$3$0)'0.")772')(&"(**0%"
(*"3&)%2'&"(/&"3&()-*0$7"%()(&"*1"%$+50&"7&00%G"\+5$+&&'&#")Bb%"(/)("'&%,*+#"(*"L&."3&()-*0$(&%"
7*20#" '&,*'("*+" (/&"3&()-*0$7"#.+)3$7%"*1" 0$A&"7&00%" )("/$5/" (&3,*')0" '&%*02($*+G"B/&"I$#&0.O
2%&#"B&(8+^811"%.%(&3"1*'"3)33)0$)+"5&+&"'&520)($*+"gXY9"<VZh"'&0$&%"*+")"-)7(&'$)0")Bb"_B&([`"
!!
+(!
)#),(&#" 1*'"3)33)0$)+" 7&00%G" !+" &J,)+#&#" '&,&'(*$'&" *1" %$3$0)'0." )#),(&#" &+5$+&&'&#" )Bb%"
I$(/"+*+O$+(&')7($+5"$+#27&'%"I*20#"&+)-0&"(2+)-0&9"$+#&,&+#&+("7*+('*0"*1"320($,0&"5&+&%"(*"
&J42$%$(&0."'&520)(&"%$5+)0$+59"#&A&0*,3&+(")+#"#$11&'&+($)($*+",)(/I).%G"N&"&J,&7("(/&")-$0$(."
(*"7'&)(&")Bb%"'&%,*+%$A&"(*"+&I"()'5&("3*0&720&%"(*"/)A&"I$#&O'&)7/$+5"-&+&1$(%"1*'"%.+(/&($7"
-$*0*5.G""
;%-1(0,'
S)7T"&J,'&%%$*+"A&7(*'")+#"%7'&&+$+5"%(')$+"7*+%('27($*+"
B/&" !"# $%&'" %(')$+" a<:" FE<Q==" #&'$A)($A&" \7?[:" gP;h" I)%" 3*#$1$&#" -." 0)3-#)" [&#"
'&7*3-$+&&'$+5"g<:Qh"(*"'&,0)7&"(/&"+)($A&"&/$L"5&+&"I$(/")"K&*7$+"'&%$%()+7&"7)%%&((&G"B/&"2)21"
)+#" 5&/" 5&+&%" 1*2+#" *+" (/&" 0)3-#)" ,'*,/)5&" I&'&" %$3$0)'0." '&,0)7&#" I$(/" )" (&(')7.70$+&"
'&%$%()+7&" 7)%%&((&G" [&7*3-$+&&'$+5" I)%" (/&+" 2%&#" (*" 7'&)(&" (/&" 1$+)0" %7'&&+$+5" %(')$+" -."
replacing the native promoters 5’ to the 2%&8" 5&+&" I$(/" )" 0$+&)'" DH[" ,'*#27(" &+7*#$+5" (/&"
1*00*I$+5C"*+&"7*,."*1",'*3*(&'",S0)78"7*+('*00$+5"(')+%7'$,($*+"*1")"7*7$%('*+"*1"%2,&'1*0#&'"
EbD" g<VYh" )+#" )" L)+)3.7$+" '&%$%()+7&" 7)%%&((&i" )+#" )" %&7*+#" 7*,." *1" ,S0)78" $+" )" #$A&'5&+("
*'$&+()($*+"7*+('*00$+5"(')+%7'$,($*+"*1"2%&8G"!00"3*#$1$7)($*+%"I&'&"%&42&+7&"A&'$1$&#G""
!" 7*,." *1" (/&" !"# $%&'# &/$L# 5&+&" I/$7/" /)#" -&&+" '&7*#&#" (*" 1)7$0$()(&" 70*+$+5" %$(&"
%&42&+7&%" _U2,,0&3&+()'." B)-0&" UPG=`"I)%" 70*+&#" $+(*" )" 0*IO7*,.",0)%3$#" -)7L-*+&" _UH<;<"
*'$5$+"*1"'&,0$7)($*+`"7)''.$+5")"%,&7($+*3.7$+"'&%$%()+7&9"(*"7'&)(&",0)%3$#",UH<;<z0)7Tz%,&7["
_U2,,0&3&+()'." B)-0&" UPG=`G" B/&" &/$L" A)'$)+(" 5&+&" I)%" &J,'&%%&#" 1'*3" (/&" %('*+5" ,S(&(8"
,'*3*(&'"gV=h9"I/$7/"$%"2+'&520)(&#"$+"(/&"%7'&&+$+5"%(')$+"#2&"(*"(/&"#&0&($*+"*1"2)21G"H*0*+$&%"
*1"(/&"%7'&&+$+5"%(')$+"102*'&%7&"A$%$-0."2+#&'"-02&"0$5/(9"-2("102*'&%7&+7&"I)%"+*"0*+5&'"A$%$-0&"
!!
+)!
)1(&'" (')+%1*'3)($*+" I$(/" ,0)%3$#" ,UH<;<z0)7Tz%,&7[G" 8-%&'A&#" '&A&'%$*+%" *1" (/&" '&,'&%%&#"
,/&+*(.,&" I&'&" 0*I" )+#" #$#" +*(" +&7&%%$()(&" '&%(*')($*+" *1" (/&" F2(Un" _3$%3)(7/O3&#$)(&#"
'&,)$'"7*3,&(&+(`",/&+*(.,&"$+"(/$%"%(')$+G"
[*%&(()"7*3,2()($*+)0"#&%$5+"*1"S)7T",'*(&$+%"
H*3,2()($*+)00.O#&%$5+&#" S)7T" A)'$)+(" 7)+#$#)(&%" I&'&" 5&+&')(&#9" 2%$+5" (/&" [*%&(()"
%*1(I)'&" %2$(&" g:Q9" :Xh" 1*'" (/&" (/'&&" ()'5&(" 0$5)+#%" –" 127*%&9" 0)7($(*0" )+#" %27')0*%&" –" 3*%("
#$%%$3$0)'" (*" (/&" +)($A&" $+#27&'G" b*'" &)7/" 0$5)+#9" I&" 5&+&')(&#" )" 0$-')'." *1" /2+#'&#%" *1"
)00*I)-0&"7*+1*'3)($*+)0" $%*3&'%9"*'"7*+1*'3&'%9"2%$+5"8,&+\.&"83&5)"%*1(I)'&"g<=;9"<=<hG"
B/&%&" 7*+1*'3&'%" %)3,0&" #$%7'&(&" %()(&%" )0*+5" '*()()-0&" (*'%$*+%" *1" A)'$*2%" -*+#%G" \)7/"
7*+1*'3&'"I)%"#*7L&#" $+(*"(/&" 0$5)+#O-$+#$+5",*7L&("*1")"/$5/O'&%*02($*+"7'.%()0"%('27(2'&"*1"
S)7T" g<VVh" _D@W" T@C" :DYR`G" B/&" #&%$5+" ,'*(*7*0" 7*+%$%(%" *1" 320($,0&" '*2+#%" *1" '$5$#" -*#."
,&'(2'-)($*+" *1" (/&" 0$5)+#" ,*%$($*+" 1*00*I&#" -." 7*3-$+)(*'$)0" 32()5&+&%$%" )+#" -)7L-*+&"
3$+$3$K)($*+" (*" *,($3$K&" (/&" $+(&')7($*+" *1" (/&" %&0&7(&#" 7*+1*'3&'" I$(/$+" (/&" ,*7L&(G" B/&"
32()5&+&%$%" $+702#&%" &J/)2%($A&" %)3,0$+5" *1" (/&" '*()3&'$7" %()(&%" *1" &)7/" )3$+*" )7$#" $+" )"
-)7L-*+&O7*+(&J("#&,&+#&+("3)++&'G"!00"#&%$5+%"I&'&"0**%&0."1$0(&'&#"-)%&#"*+")"%()+#)'#"%&("
*1" &+&'5." (&'3%" (/)(" &+%2'&%" #$A&'%$(." *1" %*02($*+%" I/$0&" &0$3$+)($+5" (/&" ,**'" #&%$5+%" _%&&"
U2,,0&3&+()'."F&(/*#%"1*'"H/),(&'"P"1*'"1200"7*3,2()($*+)0"3&(/*#"#&()$0%G`"
H*+%('27($*+"*1"S)7T"A)'$)+("0$-')'$&%""
B/&# &/$L" 5&+&" A)'$)+(" 0$-')'$&%"I&'&" 7*+%('27(&#" -." 70*+$+5" *0$5*+270&*($#&%" &+7*#$+5"
(/&" #&%$'&#" 32()($*+%" $+(*" ,0)%3$#" ,UH<;<z0)7Tz%,&7[" )3,0$1$&#" -." DH[" I$(/" ,'$3&'%"
_U2,,0&3&+()'." B)-0&" UPGQ`" (*" ),,'*,'$)(&0." 0$+&)'$K&9" )##" =-/I recognition sequence (5’O
!!
+*!
EEBHBH?`9" )+#" '&3*A&" (/&" I$0#" (.,&" &/$L# 7*#$+5" %&42&+7&" (*" -&" '&,0)7&#G" 80$5*+270&*($#&"
,**0%" gPYh" &+7*#$+5" [*%&(()" #&%$5+&#" %&42&+7&%" I&'&" *-()$+&#" 1'*3" !5$0&+(" B&7/+*0*5$&%"
_U)+()"H0)')9"H!`9")+#"&)7/"&+7*#&#"32()($*+%"I$(/$+"*+&"*1"(/&"1*00*I$+5"%&(%"*1" &/$L#7*#*+%C"
XPO<:=9" <VZO<YX" )+#" :V=O:YQG" H*+%('27($+5" (/&" %$+50&" '&%$#2&" '&,0)7&3&+(" 0$-')'." $+A*0A&#"
'&,0)7$+5"&/$L"7*#*+%"1'*3"POP=Y"I$(/"*+&"3$%%&+%&"7*#*+"&+7*#$+5"&)7/"*1"(/&"'&3)$+$+5"<Y"
+)(2')0")3$+*")7$#%"_QZ;:"%&42&+7&%`G"80$5*%"&+7*#$+5"(/&%&"32()($*+%"I&'&"%.+(/&%$K&#"*+")"
WP" U.+(/&%$K&'" _H2%(*3!'').9" T+7G9" W*(/&009"N!`9" )+#"I&'&" *'5)+$K&#" $+(*" (/&" 1*00*I$+5" ($0&%"
%,)++$+5"(/&"&/$L"5&+&C"POPZ9"PYOXV9"X=O<<;9"<<<O<VQ9"<VXO<Z:9"<ZPO:<Z9":<YO:=V9":==O:Y;9":Y<O
P:Q9"P:XOP=YG""
80$5*+270&*($#&%" $+" &)7/" ,**0" I&'&" &+7*#&#" )%" )" 7*+7)()3&'" *1C" 1*'I)'#" ,'$3$+5"
%&42&+7&i" (/&" =-/I restriction site (5’OEEBHBH?`i" ),,'*,'$)(&" V" -)%&" 2,%('&)3" *A&'/)+5i"
&+7*#&#"&/$L#32()+("%&42&+7&"%&53&+(i"),,'*,'$)(&"V"-)%&"#*I+%('&)3"*A&'/)+5i"(/&"'&A&'%&"
7*3,0&3&+(" *1" (/&" =-/T" '&%('$7($*+" site (5’O?E!E!HH`i" )+#" (/&" '&A&'%&" 7*3,0&3&+(" *1" (/&"
'&A&'%&",'$3$+5"%&42&+7&G"U2-,**0%"I&'&")3,0$1$&#"2%$+5",'$3&'%"%,&7$1$7"(*"&)7/"%2-,**0"gV;h"
_U2,,0&3&+()'." B)-0&" UPGQ`" 1'*3" &)7/" *0$5*+270&*($#&" ,**0" 2%$+5" 42)+($()($A&" ,*0.3&')%&"
7/)$+" '&)7($*+" _UtW[" 4DH[" master mix, KAPA Biosystems, Wilmington, MA; 20 μL reaction 
A*023&i";G<" O"<"+5"*0$5*+270&*($#&",**0" (&3,0)(&`"2+($0" (/&" %&7*+#" $+10&7($*+",*$+("*+")" '&)0O
($3&" ,0*(" *1" 7.70&" +23-&'" A&'%2%" I&00" 102*'&%7&+7&" $+#$7)(&#" )3,0$1$7)($*+" %)(2')($*+" I)%"
-&5$++$+59"1*00*I$+5"a*%2'$9"&(")0G"gV;hG""
\''*'O,'*+&"DH[" 0$-')'$&%"I&'&" 7*+%('27(&#"-.")3,0$1.$+5" (/&" &/$L#7*#*+%"QXO<YX"I$(/"
E&+&F*'1" TT" ,*0.3&')%&" _!5$0&+(" B&7/+*0*5$&%`" 2%$+5" ,'$3&'%" $+702#$+5"=-/T" '&7*5+$($*+" %$(&%"
_U2,,0&3&+()'."B)-0&" UPGQ`" )+#"<="+5"gene fragment template, which resulted in 10 μg PCR 
!!
++!
,'*#27("1*'"QX;O1*0#")3,0$1$7)($*+")+#")"7)0720)(&#"3&)+"*1"=GP"7*#$+5"32()($*+%",&'"&/$L#5&+&G"
U2-,**0")3,0$1$7)($*+"DH[",'*#27(%")+#"&''*'O,'*+&"DH[",'*#27(%"I&'&"#$5&%(&#"I$(/"=-/TORb"
&+K.3&" _?&I"\+50)+#"W$*0)-%" _?\W`9" T,%I$7/9"F!`9")+#"),,'*,'$)(&",0)%3$#"-)7L-*+&%"I&'&"
#$5&%(&#"I$(/"=-/TORb")+#"(7*T"&+K.3&%"_?\W`G"W)7L-*+&"(&'3$+$"I&'&"#&,/*%,/*'.0)(&#"I$(/"
!+()'7($7"D/*%,/)()%&"&+K.3&"_?\W`G"!00"#$5&%(&#"+270&*($#&%"I&'&"70&)+&#"2,"I$(/"!5&+7*2'("
!FD2'&" ]D" -&)#%" _W&7L3)+" H*20(&'9" T+#$)+),*0$%9" T+#$)+)i" <C<" ')($*" *1" -&)#%" (*" @?!`9"
1')53&+(%"I&'&" 0$5)(&#" $+(*" -)7L-*+&%"I$(/" BV" @?!" S$5)%&" _?\W`9" 0$5)($*+" ,'*#27(%" ,2'$1$&#"
I$(/"!FD2'&"]D"-&)#%")+#"(')+%1*'3&#"$+(*"&0&7('*7*3,&(&+("!"#$%&'"@R<;W"7&00%"_?\W`G"!1(&'"
<"/'9")"<"wS")0$42*("*1"(')+%1*'3&#"7&00%"I)%",0)(&#"*+(*"SW"%,&7($+*3.7$+"%&0&7($A&"3&#$23"(*"
&%($3)(&"(/&"(')+%1*'3&#"0$-')'."%$K&G"
U&0&7($*+")+#"%7'&&+$+5",'*(*7*0%"1*'"0$5)+#"'&%,*+%&"
b*'" 0$-')'." (')+%1*'3)($*+%9" (/&" %7'&&+$+5" %(')$+" I)%" 3)#&" &0&7('*7*3,&(&+(" -."
/)'A&%($+5"&)'0."0*5O,/)%&"7&00%"_<;"3S",&'"(')+%1*'3)($*+")("8@Q;;"+3"v";G<=O;G:=`9"'&3*A$+5"
salt through two washes with ice cold 10% glycerol, and resuspended in 50 μL cold 10% 
50.7&'*0G"B&+"+5"*1" 0$-')'.",0)%3$#"I&'&"&0&7('*,*')(&#" $+(*" (/&"7*3,&(&+("7&00%9"I/$7/"I&'&"
recovered for 1 hr in 1 mL SOC medium. One μL recovered cells were plated on selective LB 
%,&7($+*3.7$+"3&#$23" (*" &%($3)(&" (/&" +23-&'" *1" (')+%1*'3)+(%9" )+#" (/&" '&3)$+#&'" *1" (/&"
'&7*A&'&#"7&00%"I&'&")##&#"(*"<;"3S"*1"SW"%,&7($+*3.7$+"3&#$23")+#"%&0&7(&#"*A&'+$5/(G""
U7'&&+$+5" %(')$+" 7&00%" &J,'&%%$+5" S)7T" A)'$)+(%" (/)(" #*" +*(" -$+#" (*" *,&')(*'" @?!"
7*+%($(2($A&0." &J,'&%%" 2%&8" )+#" 4>7i" (/&%&" I&'&" &0$3$+)(&#" (/'*25/" +&5)($A&" %&0&7($*+" -."
*A&'+$5/(" %&0&7($*+" I$(/" 7*0$7$+" \<" ,'*(&$+G" N&" added five μL of saturated library 
transformation culture to 150 μL LB spectinomycin medium supplemented with tenfold serial 
!!
+,!
#$02($*+%"*1",2'$1$&#"7*0$7$+"\<",'*(&$+"_:GXP"35^3S`9"$+"(/&"')+5&"1'*3"<C<;;"(*"<C<9;;;9;;;i")"
7*+('*0",*,20)($*+"*1"(/&"%)3&"0$-')'."I)%"5'*I+"*A&'+$5/("I$(/*2("7*0$7$+"\<G"\+'$7/3&+("*1"
@?!O-*2+#"0)7T"A)'$)+(%"I)%"A&'$1$&#"-."10*I"7.(*3&('."+&J("#)."-."3&)%2'$+5"(/&"1')7($*+"*1"
EbDn"7&00%"$+"(/&"7*0$7$+"\<"$+72-)(&#")+#"7*+('*0",*,20)($*+%G"!"<C<;;9;;;"#$02($*+"*1"7*0$7$+"\<"
_:;GX"+5^3S`"I)%"5&+&')00."1*2+#"(*"-&"*,($3)0G""
b*00*I$+5" +&5)($A&" %&0&7($*+9" (/&" 7*0$7$+" \<" %&0&7(&#" 7&00%"I&'&"I)%/&#" (I$7&"I$(/" SW"
)+#"5'*I+"1*'"<"/'"$+"SW"%,&7($+*3.7$+"0)7L$+5"7*0$7$+"\<G"B/&%&"7&00%"I&'&"(/&+"%2-6&7(&#"(*")"
0$5)+#"'&%,*+%&"(&%(G"B*"7)''."*2(")"'&%,*+%&"(&%(9"<G="2S"*1"%)(2')(&#"720(2'&"I)%")##&#"(*"<=;"
2S"*1"SW"%2,,0&3&+(&#"I$(/"%,&7($+*3.7$+")+#"P"3F"7*+7&+(')($*+"*1"(/&" ()'5&(" 0$5)+#i"(/&"
(&%(&#"0$-')'."5'*I+"$+"$#&+($7)0"7*+#$($*+%"-2("I$(/*2("0$5)+#"I)%"2%&#")%")"+&5)($A&"7*+('*0G""
H&00%" I$(/" EbD" %$5+)0" 5'&)(&'" (/)+" (/&" 0$5)+#O1'&&" 7*+('*0" I&'&" 7*00&7(&#" 2%$+5"
102*'&%7&+7&O)7($A)(&#"7&00"%*'($+5"_b!HU`"*+")+"!A)0*+"UP"U*'(&'"_D'*,&0"S)-%9"b*'("H*00$+%9"H8`G"
W&7)2%&"7&00%"&J,'&%%$+5")"S)7T"A)'$)+("'&%,*+%$A&"(*"(/&"()'5&("0$5)+#"*1(&+",'&%&+(&#")"%2-(0&"
%$5+)09" I&" 2%&#" (/&" 2+O$+#27&#" 7*+('*0" (*" %&(" %*'($+5" 5)(&%" ,&'" 0$-')'.O$+#27&'" ,)$'G" !1(&'"
*-%&'A$+5"<;;9;;;"7&00%"1*'"(/&"$+#27&#")+#"2+O$+#27&#"7*+#$($*+%9"(/&"%*'($+5"5)(&"I)%"%&("(*"
3)J$3$K&" (/&"#$11&'&+7&" $+" 7&00%" 1)00$+5" )-*A&" (/&" 5)(&"-&(I&&+" (/&" $+#27&#" )+#"2+O$+#27&#"
7*+#$($*+%G"B/$%"5&+&')00."'&%20(&#"$+"7*00&7($+5"(/&"(*,";G<"–"<j"*1"(/&"$+#27&#"0$-')'.9"&J7&,("
I/&'&" )" 0)'5&'" ,'*,*'($*+" *1" 7&00%" 70&)'0." 1&00" )-*A&" (/&" 2+O$+#27&#" 7*+#$($*+" _&G5G" 1*'"
5&+($*-$*%&"$+#27($*+%`G""b!HUO%*'(&#"7&00%"I&'&"$33&#$)(&0."'&7*A&'&#"$+"SW")+#",0)(&#"*+"SWO
)5)'" 7*+()$+$+5" %,&7($+*3.7$+" )(" %&A&')0" #$02($*+%" (*" .$&0#" )" ,0)(&" I$(/" /2+#'&#%" *1" 70&)'0."
%&,)')(&#"7*0*+$&%G"@&,&+#$+5"*+"(/&"0$-')'.9"I&",$7L&#"VZO<Y:"7*0*+$&%"$+(*")"YQOI&00",0)(&"(*"
70*+)00." (&%(" $+#27($*+" '&%,*+%&G" \)7/" 70*+&" I)%" $+72-)(&#" *A&'+$5/(" I$(/" )+#" I$(/*2(" (/&"
!!
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()'5&(" 0$5)+#" _P"3F`" 7*+7&+(')($*+G" !1(&'" <QO:;" /*2'%9" (/&"EbD" '&%,*+%&" *1" &)7/" 70*+&"I)%"
3&)%2'&#" I$(/" )+#" I$(/*2(" (/&" 0$5)+#" *+" )" 10*I" 7.(*3&(&'" I$(/" /$5/" (/'*25/,2(" %)3,0&'"
_SU[b*'('&%%)9" W&7L(*+O@$7L&+%*+9" b')+L0$+" S)L&%9" ?f`G" B/&" %&42&+7&" *1" &)7/" &/$L" A)'$)+(" $+"
0$5)+#O'&%,*+%$A&"70*+&%"I)%"#&(&'3$+&#"2%$+5"U)+5&'"%&42&+7$+5"_U2,,0&3&+()'."B)-0&"UPGQ`G""
\J,'&%%$*+")+#",2'$1$7)($*+"*1"%27')0*%&O'&%,*+%$A&"S)7T"A)'$)+("
!F7.)--'%*#-2./'*#$%*-2.3$2'%*#
B*"*A&'&J,'&%%" (/&"%27')0*%&O-$+#$+5"A)'$)+(" _7)''.$+5"32()($*+%"@<VYB9"e<=;!9" T<=QS"
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$+#27&#"I$(/"(/&$'"'&%,&7($A&"()'5&("0$5)+#%G"B/&"32()($*+%"$+"&)7/"[*%&(()O#&%$5+&#"A)'$)+("$%"
%/*I+")-*A&"(/&"-)'"5'),/G"!00"0$5)+#%"I&'&")##&#")("<;"3F"7*+7&+(')($*+G"
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"
"
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%&)!
U2,,0&3&+()'."b$52'&"UPG<"_H*+($+2&#`"
"
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!!
%&*!
"
<2//+%3%"-*&6' S$#2&%' <KEH' H*3,)'$%*+" *1" 127*%&9" 0)7($(*09" )+#" %27')0*%&" '&%,*+%&" A&'%2%"
%$+50&O)3$+*")7$#"%2-%($(2($*+%"1*2+#")1(&'"+&5)($A&"%&0&7($*+G'Q*R"b27*%&"'&%,*+%$A&"$+#27($*+"
A)02&%" )'&" %/*I+" ,$+LG" B/&" $+#27($*+" A)02&%" %/*I" (/&" 3)J$323" I&$5(/&#" 1*0#O7/)+5&" *1"
'&%,*+%&" )1(&'" ,*%$($A&" %&0&7($*+G" B/&" -0)7L" *2(0$+&%" $+#$7)(&" #&,0&($*+" *1" +&J(O5&+&')($*+"
%&42&+7$+5" '&)#%" 1*'" %$+50&" )3$+*O)7$#" %2-%($(2($*+%" )1(&'" +&5)($A&" %&0&7($*+G" B/&" #&,0&($*+"
A)02&" $%" (/&" 0*5:" 1*0#O7/)+5&" *1" '&)#%" ,'$*'" (*" +&5)($A&" %&0&7($*+" #$A$#&#" -." (/&" '&)#" 7*2+(%"
)1(&'"+&5)($A&"%&0&7($*+G"R$5/&'"#&,0&($*+"A)02&%"$+#$7)(&",*%$($*+")+#"%$#&O7/)$+"7*3-$+)($*+%"
(/)(")'&"0*%(")1(&'"+&5)($A&"%&0&7($*+G"[&)#"7*2+(%"I&'&"42)+($0&"+*'3)0$K&#"-&(I&&+",'&O")+#"
,*%(O%&0&7($*+" %&,)')(&0." 1*'" &)7/" )3,0$7*+" _%&&" U2,,0&3&+()0" F&(/*#%`G" Q4R" S)7($(*0"
'&%,*+%$A&" $+#27($*+"A)02&%"A&'%2%"#&,0&($*+"A)02&%G" Q.R"U27')0*%&"'&%,*+%$A&"$+#27($*+"A)02&%"
A&'%2%"#&,0&($*+"A)02&%G"?&5)($A&"#&,0&($*+"A)02&%")'&"+*("%/*I+G"
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'
'
'
'
'
'
'
'
'
'
'
'
'
'
<2//+%3%"-*&6' S$#2&%' <KEK' H*3,)'$%*+" *1" 5&+($*-$*%&" '&%,*+%&" A&'%2%" %$+50&O)3$+*" )7$#"
%2-%($(2($*+%" 1*2+#" )1(&'" +&5)($A&" %&0&7($*+G" Q*R" T+#27($*+" A)02&%" 1*'" 5&+($*-$*%&O'&%,*+#$+5"
32()+(%")'&"%/*I+"$+",$+LG"B/&"$+#27($*+"A)02&%"%/*I"(/&"3)J$323"I&$5/(&#"1*0#O7/)+5&"*1"
'&%,*+%&")1(&'",*%$($A&"%&0&7($*+G""B/&"7*0*'"%/)#&%"*2(%$#&"(/&")3$+*")7$#"%2-%($(2($*+",'*1$0&"
#&+*(&%"(/&"0*7)($*+"*1"(/&"'&%$#2&"$+"(/&"-$+#$+5",*7L&(9"#$3&'$K)($*+"$+(&'1)7&9"@?!O-$+#$+5"
#*3)$+"*'")%"2+70)%%$1$&#G"B/&"-0)7L"*2(0$+&%"$+#$7)(&"#&,0&($*+"*1"+&J(O5&+&')($*+"%&42&+7$+5"
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,'$*'" (*" +&5)($A&" %&0&7($*+" #$A$#&#" -." (/&" '&)#" 7*2+(%" )1(&'" +&5)($A&" %&0&7($*+G" [&)#" 7*2+(%"
I&'&"42)+($0&"+*'3)0$K&#"-&(I&&+",'&O")+#",*%(O%&0&7($*+" %&,)')(&0." 1*'"&)7/")3,0$7*+" _%&&"
U2,,0&3&+()0" F&(/*#%`G" Q4R" b*'" &)7/" )+#" &A&'." ,*%$($*+" *1" I$0#O(.,&" S)7T9" <Y" %2-%($(2($*+%"
I&'&"%.+(/&%$K&#"1*'"(/&"%$+50&")3$+*O)7$#"%2-%($(2($*+"0$-')'.G"W."+&J(O5&+&')($*+"%&42&+7$+5"
I&"3&)%2'&#" /*I"3)+." *1" (/&" <Y" ,*%%$-0&" %2-%($(2($*+%" I&'&" 1*2+#" &$(/&'" -&1*'&" *'" )1(&'"
+&5)($A&" %&0&7($*+" 1*'" ,*%$($*+%" %/*I$+5" '&%,*+%&" (*" 5&+($*-$*%&G" Q.R" F*%(" _xZ;j`" *1" (/&"
,*%$($*+%"/)'-*'$+5"5&+($*-$*%&" '&%,*+%&"I&'&" 1*2+#" (*"/)A&")(" 0&)%("<Z"*1"<Y" %$+50&")3$+*O
)7$#"%2-%($(2($*+%",'$*'"(*",*%$($A&"%&0&7($*+G"b*'")00"PQ;",*%$($*+%"*1"S)7T"_+*("%/*I+`9"I&"1*2+#"
<Y="_o=Vj`",*%$($*+%"7*+()$+&#")00"<Y"%2-%($(2($*+%9":PZ"_oQQj`"7*+()$+&#")("0&)%("<Z9")+#"P;Q"
_Z=j`"7*+()$+&#")("0&)%("<V"%2-%($(2($*+%G'
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"
<2//+%3%"-*&6' S$#2&%' <KEL'b*0#" $+#27($*+"*1"NB" S)7T"I$(/" TDBEG"@*%&O'&%,*+%&" 72'A&"*1"NB"
S)7T"I$(/" TDBE9" 1*0#" $+#27($*+"3&)%2'&#"-."b!HU" %/*I+"*+"tO)J$%")+#" TDBE"7*+7&+(')($*+"*+"
(/&"]O)J$%G"
"
" "
!!
%'.!
"
"
"
"
<2//+%3%"-*&6' S$#2&%' <KEN'H*3,)'$%*+"*1" 7*+%&'A)($*+"*1" )3$+*")7$#%")+#"32()($*+%" 1*2+#"
1*'"127*%&"'&%,*+%&G'Q*R"!"%&("*1"V<"S)7T"*'(/*0*5%"I&'&")0$5+&#")+#"(/&"1'&42&+7."*1")3$+*")7$#"
2($0$K)($*+"$%"%/*I+"$+"-02&G" "F2()($*+%"7*+1&''$+5"127*%&"'&,%*+%&")'&"%/*I+")%"'&#"*2(0$+&%G"
Q4R"b$A&"&J,&'$3&+()00."A)0$#)(&#"%&42&+7&%"*1"E)0[^U"L+*I+"(*"-$+#"127*%&"I&'&")0$5+&#"I$(/"
\G"7*0$"S)7T")+#"%/*I+"I$(/"'&%,&7("(*"S)7T",*%$($*+%G"F2()($*+%")(",*%$($*+%"XY")+#":XP"*A&'0),"
I$(/" ,'&1&'&+($)00." 7*+%&'A&#" )3$+*" )7$#%" $+" (/&" E)0[" %&(9" %/*I+"I$(/" )''*I%G" " B/&" /$5/&%("
$+#27&'")(",*%$($*+":Y<"I)%"7*+%&'A&#"$+"+&$(/&'"S)7T"+*'"127*%&O'&%,*+#$+5"E)0[^UG'
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"
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"
'
'
'
'
'
'
'
'
<2//+%3%"-*&6' S$#2&%' <KET' M%&'" 52$#&" (*" )00*%(&'$7" Bb" '&#&%$5+E' !" #&()$0&#" 10*I7/)'(" (/)("
52$#&%"(/&"2%&'"(/'*25/"(/&"7/*$7&"*1"32()5&+&%$%"3&(/*#%"-)%&#"*+"(/&"7/*$7&"*1"(/&"()'5&("
0$5)+#"1*'")00*%(&'$7"Bb" '&#&%$5+G"N&"*11&'"5&+&')0"52$#&0$+&%"*+"I/)("I&"7*+%$#&'")77&,()-0&"
1*0#" $+#27($*+")+#" %,&7$1$7$(." A)02&%"-." ()'5&(" )+#"+)($A&" 0$5)+#%9" ,'&%&+(&#")%",'*,*'($*+"*1""
NB" )Bb" $+#27($*+9" )1(&'" (/&" (I*O%()5&" &+'$7/3&+(" %7'&&+" )+#" 1*00*I$+5" )7($A$(."3)(2')($*+G"
B/&%&" 52$#&0$+&%" 7*20#" -&" )#62%(&#" *+" )" 7)%&O-.O7)%&" -)%$%" #&,&+#$+5" *+" (/&" +23-&'" )+#"
42)0$(."*1"0$5)+#O'&%,*+%$A&"A)'$)+(%")1(&'"(/&"(I*O%()5&"&+'$7/3&+("%7'&&+9")+#"(/&"+)(2'&"*1"
#*I+%('&)3"),,0$7)($*+G'
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<2//+%3%"-*&6' S$#2&%' <KEU' F$+$323" R)33$+5" #$%()+7&%" 1'*3" &)7/" 7*#*+" (*" )+." 7*#*+"
&+7*#$+5" &)7/" )3$+*" )7$#G'8+" (/&" /*'$K*+()0" )J$%9" &)7/" 7*#*+" $%" #$%,0).&#9" 5'*2,&#" -." (/&"
'&%$#2&"$("&+7*#&%G"8+"(/&"A&'($7)0")J$%9"&)7/"'&%$#2&"$%"#$%,0).&#G"\)7/"%3)00"-*J"'&,'&%&+(%"(/&"
R)33$+5"#$%()+7&"-&(I&&+"(/)("7*#*+")+#")+."7*#*+"(/)("&+7*#&%"(/)(")3$+*")7$#i"(/&"-*J&%"
)'&"7*0*'"7*#&#"-."(/$%"#$%()+7&C"P9"#)'L"-02&i":9" 0$5/("-02&9"<9"5'&&+9";9"I/$(&G"b*'"&J)3,0&9")"
R)33$+5" #$%()+7&" *1" (I*" 3&)+%" (/)(" (I*" %&,)')(&" %$+50&" +270&*($#&" 7/)+5&%" I*20#" -&"
'&42$'&#"(*"32()(&"(*")+."7*#*+"&+7*#$+5"(/&"5$A&+")3$+*")7$#G" T+"'&#"-*J&%9" (/&"32()($*+%"
'&42$'&#"(*"32()(&"S)7T"7*#*+"T0&XY"(*"!0)+$+&9"*'"S&2<YQ"(*"S.%$+&9")'&"/$5/0$5/(&#G" '
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<2//+%3%"-*&6':*4+%,'
U2,,0&3&+()'."B)-0&%"1*'"H/),(&'":"
'
'
'
'
'
'
'
'
'
'
<2//+%3%"-*&6':*4+%'<HED'
U&+%*'O,'*3*(&'",)$'%"2%&#"$+"(/$%"%(2#.G"
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<%",(&' A(#"*-%'/&(3(-%&'
W&+F" -&+!,"g=Qh"
(/&*[[" ?*+&C"'$-*%I$(7/"gX;h"
-(2W" ?*+&C"'$-*%I$(7/"gVZh"
!0LU" )0LW,"g=Yh"
S)7T" ,S0)78"gV=h"
].0[" J.0!,"gYXh"
H#)[" 52#D,"g=Ph"
F,/[" 3,/!,"g=;h"
B&([" ,S(&(8"gV=h"
B(5[" ((5!,"g=Zh"
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%')!
<2//+%3%"-*&6':*4+%'<HEH'
S$%("*1"7*#*+"*,($3$K&#"5&+&"%&42&+7&%"2%&#"$+"(/$%"%(2#.G"
"
8*3%' Sequence 5’ to 3’'
2241# 2`XX`XSX`SXS2SS222X22X22XS2S2XX222SXSX`XSXS2X2``2`SX22XSXXSSX22SXSXSX
````2`222SX`XX`X`XXS2SX`2SS2SXS`XXS2X2`2``XS2X22S`XXS2XX`X``2SSSXSXX`
XS22`S`2S`XXS2```S22S22`222XSSX22S`XX``S2XXS2S`XS`XX2``S`S`XS2SX222SX
S2`X2`S2SS`XXSSSX`XS22XSX22`S`X22X2`X22S`XX2SSSXS`XXXS`XS2`XSXS222S`X
S`XS`XS2XX`X```22SX22S`XX``S`XX2`XS2SX`2SSSX`SXS2``22`X222`SS`XS2`S2S
222`XSX22```2SXX2`X2`2`X`X`X222``SX`S2XS2XSXSS2X2XSXSSX`XS`XX2``X`S2`
222XX`2`S2SSS`XXS2S`XXS222SXS2X``SX`SXSXX`S2XS`XSSXXX`X22S`XX2`X`XX22
SXSXS2XSXX``XSX2`X```XSS`2`X`XX2`XXSS`X2``XX`SX``XXS`XS`XS`XSSXX2`2X`
X``X2`S`XS`XXXSX2`X`XX22222`XXX``X2`2SSXX`S`XX2`2`XS`XSX`S`X2XSSSXXSX
S`XSXS222`22/
:7,1# 2`XSSXSX`SSX222S`X222`S`X2SX2SX22X``S`XX22XSXXSX2SSX``X``S`X222SX``XS
XX`SSX2`SX22``S2SSS`X`S`XX`X``XSX222X22X``XX`S`X`S`SX`XSXXSXS`X2`SS2X
SX```S2SS22SSX`X2S2SSS`XS`XX``SX`2`X2`XX22SX`XX`X``X22S2XX``SX`S2S`2S
S`X22SXSX2`SSSX2`SXX`XSXXX`SSXS2XXX`S`X`XXX22``SS`XS2XX``S`XX``SX``S`
2`X22S2SSSX`22SX2S``S`S`X``22S`2SS`X2`S`S``XX`2SX22S`XS2XX``SSXX22S`X
SX`2SSS`XXSX2`SS2XSX`22SSX`XSXX``X``X22XX`2`SSX`222SX`S`XSSXSSXXX`XSX
SSXXSXXSXXSXX22S`XS`XS`XS2S`S`X``2`SXSXXX`XSX2SS2`XS2X`XXXSXX``X2SSSX
X2SXX`X22S`XXSXX2SS2SX``S`XXSXS2X2`SXSXXSX2`SS`X`XSS`X2`X``SSSXX22S2S
X2SX2S``SS2XS`XS`XS2XXSXS2SXSX`22/
FT8]" X`X222X`XX2`X``XXSSSXX2SSSX2XSS`XX```2SSXSSSXX2`X`XX2SSSXX222`XXS2222
2XS222X2``SX```SX`22S`2S2SS2X`XXSSSXS`XS`XX2`SX`X`````2SS2SX`2`222S`X
2`XS2`2SSS2SS2X2SXX``X2S```X`S2XSSX`222SXS2``S22`2`XXSXX```S`S``2S22X
2222`X2SS2`S2`XX22XSXX`XXXS2`XS`XX2`X2SS`XX``X2`X22`S2X2`SSXX2SX`SX2`
```SSX22``SX```S2`XSX``SS2X2SXXSSX22XX`2``SXS222XSSS2SSSXX2S222X2``XX
``SS2`S`XX`SXXSS`XS`XS2SX2`S`XXX`2222`S2`XXS2S`X`XXXX`X22SSXS2X`XXXS`
X`XX``XX`X2`2SS```SSXX`XXX``XSSX`SSXS22XS22X`X`SX`X````X`X2S`SS2SS``S
S2XX2S22SSSXX2`S`XS22X2SSSXSXS`2``S22SXX22S`XXXS2`X`2SS2XSSXS2``XSXX`
S`XX2222SX`XS`X2`X`SX`XXXX`S2SX2`X22`2SS`X`2SS2X2`X2`X222``S22S222``S
2XSS`XSSX`S`X22XSS``S`2S2`X2`SSX```SS2`2X```S`2SSSX`XXS2S2SSXXSXX`X2`
`2`SXSS2XS`X`XS`SSS2XS22X2SS`XX2`2`XS`XSSX`XXX`XS22X22``S22S222``SX2`
S`X`2S2SX222`X`SSXX2`S`XSSXX2SX``X22`S`S`XSX`SSX`2S`2SS22XX`S`X2``X2`
222`2S`X`SSXXXS2SSS`X`SX`XX`22/
"
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!7(+2-$("'&(2"0' @/I&%#2+*-$("'-*&#%-,' 9(5"I&%#2+*-$("'-*&#%-,' A(0$"#'-*&#%-,'
<" /$$;=8(#/$)!?#4/7;#&70;#74<# /$*;#>3:8#:0,#-3$8# "
:" /$$;=8(#/$)!?#4/7;#&70;#74<# /$*;#>3:8#:0,#-3$8# "
P" /$$;=8(#/$)!?#4/7;#&70;#74<# /$*;#>3:8#:0,#-3$8# "
V" " >/5=(?@#
29.;zF=PT"
29.;z!P=Ve"
/.%Az@<VQ?"
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%'*!
<2//+%3%"-*&6':*4+%'<HEL'
80$5*+270&*($#&%"2%&#"1*'"+)'$+5&+$+"32()5&+&%$%G"l"%.3-*0"$+#$7)(&%",/*%,/*'(/$*)(&"-*+#%G"
"
8*3%' S2".-$("' <%W2%".%'
)77!zBX" ,'*3*(&'"$+%&'($*+" S[2[2[X[X222``S2X2S`S2`2X`2``SS`X`2``2`S`SSS`2`2X
`X2X`SX`2``2X`S222S`SS2X``SS2SS`XS`SSX22SS22`/
)77!zfH:P<;;" ,'*3*(&'"$+%&'($*+" 2[`[`[S[2X2S`S2`2X`2``SS`X`2``2XS`2XS2S`X`2SS`2XX
2S`X2XS`2XSSX`S22X`S222S`SS2X``SS2SS`XS`SSX22/
)77WzBX" ,'*3*(&'"$+%&'($*+" S[X[X[`[X222SXSS`X`S2S22`S2S2S`222S22`22`2SX2S`S2
S`2`2XXX2X22X2X`2SXX22SSS2S`S2`XX2`2``SX`22X2/
)77WzfH:P<;;" ,'*3*(&'"$+%&'($*+" 2[2[S[X[SS`X`S2S22`S2S2S`222S22``X2SXXS`2XS`S2X`S
S`2XX`2S2X`XS`2XS2X2X`2SXX22SSS2S`S2`XX2`2``S/
)77@zBX" ,'*3*(&'"$+%&'($*+" X[`[`[S[22`SS2XS`S2``2XXX2SS```S`X`S``S`SSS`2`2X`
X2X`SX`2``2X22SS`XX``SX2`XSS2X````2`S```XXXX2/
)77@zfH:P<;;" ,'*3*(&'"$+%&'($*+" `[S[S[2[XS`S2``2XXX2SS```S`X`S`XS`2XS2S`X`2SS`2XX
2S`X2XS`2XSSX`S22X22SS`XX``SX2`XSS2X````2`S``/
)7&\zBX" ,'*3*(&'"$+%&'($*+" 2[2[S[X[``S`X2S2`XXX``2``SS``2`S`2`S``S`SSS`2`2X`
X2X`SX`2``222`22SX``X2X````S`XX22SS`X`SSS2``X/
)7&\zfH:P<;;" ,'*3*(&'"$+%&'($*+" S[`[X[2[S2`XXX``2``SS``2`S`2`S`XS`2XS2S`X`2SS`2XX
2S`X2XS`2XSSX`S2222`22SX``X2X````S`XX22SS`X`S/
0,#!zBX" ,'*3*(&'"$+%&'($*+" `[`[`[X[2```S2X`2S`S2`S2`X2SS`S`2`2`2`S`SSS`2`2X`
X2X`SX`2``2```2`S`SSXXSXX`S2`2SSSX`SX`S```S2X/
0,#!zfH:P<;;" ,'*3*(&'"$+%&'($*+" `[`[S[2[X`2S`S2`S2`X2SS`S`2`2`2XS`2XS2S`X`2SS`2XX
2S`X2XS`2XSSX`S22```2`S`SSXXSXX`S2`2SSSX`SX`S/
5),!zBX" ,'*3*(&'"$+%&'($*+" X[`[2[2[````2S2XXS22SS````2``S2S`22S2`22`2SX2S`S2
S`2`2XXX2X222`2XS`XX`XX22`2`2`X2S`2`S222X`2XX/
5),!zfH:P<;;" ,'*3*(&'"$+%&'($*+" `[`[2[S[2XXS22SS````2``S2S`22S2``X2SXXS`2XS`S2X`S
S`2XX`2S2X`XS`2XS22`2XS`XX`XX22`2`2`X2S`2`S22/
,5LzBX" ,'*3*(&'"$+%&'($*+" 2[`[S[`[`22``2S2X2S2`XX`X22`SS`S`SX```S`SSS`2`2X`
X2X`SX`2``2X2``S`2222X````XS2X2SXS`XS``XSX`S`/
,5LzfH:P<;;" ,'*3*(&'"$+%&'($*+" 2[`[`[2[S2X2S2`XX`X22`SS`S`SX``XS`2XS2S`X`2SS`2XX
2S`X2XS`2XSSX`S22X2``S`2222X````XS2X2SXS`XS``/
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